A systematic review and meta-analysis of studies on the putative mechanisms of action of lumbar supports in lifting activities.
Low back pain occurs very frequently and is one of the most costly health problems affecting industry and society. Low back disorders are one of the major reasons for work disability 55, 63 and sick leave. 18, 55 In the Netherlands in 1991 the total (direct and indirect) cost for back pain represented 1.7% of the gross national product. 58 In the United States, the total costs for back pain were estimated to be $27.9 billion in 1990, 12 which represented approximately 0.5% of the gross national produce.
In an attempt to reduce the incidence and consequences of back pain in industry, many prevention programs have been introduced. 25 Lumbar supports are frequently used in industry, and they increasingly receive attention in the scientific literature. Besides their use as a preventive measure, lumbar supports are also used in the treatment of patients with back pain. Several putative mechanisms of action of lumbar supports have been proposed. One hypothesis is that the use of a support may positively affect trunk motion. The support may either physically obstruct extreme postures, or it may improve body postures through tactile feedback (reminder function). Excessive trunk motion, especially axial rotation, is often assumed to be the cause of a back injury, 3, 40 and the prevention of excessive motion would therefore lead to a reduction in the risk of low back pain. Another hypothesis is that less back muscle force may be required to extend the trunk when wearing a support, because of an increase in the intra-abdominal pressure (IAP) without a concomitant increase in abdominal muscle activation. This would yield less muscle loading, less muscle fatigue, and less compressive loading on the lumbar spine. Both reduced muscle fatigue 6 and reduced compressive loading 46 may result in a decrease of the risk for low back pain. The same mechanism may result in a higher maximal lifting capacity of the person wearing a lumbar support. Using a lumbar support may also make the workers feel more secure and make them inclined to lift heavier loads. This could increase the risk of low back injuries.
Available reviews argue that, partly because of conflicting results, no definite conclusions on the mechanism of action of lumbar supports can be drawn. 3, 40, 44, 46 The objective of this review is to evaluate the evidence for the two hypothetical mechanisms of action of lumbar supports with the use of a systematic literature search and by combining the results of individual studies in a metaanalysis. Even if the results are contradictory, it should be possible to draw conclusions based on the results of the meta-analysis.
Methods
A search of MEDLINE (1966 -1997) , EMBASE (1988 EMBASE ( -1997 , and Psychlit (1984 -1997) was conducted (key words used: back, spine, orthotic devices, protective devices, biomechanics). No language restriction was used. References of relevant publications were screened for additional studies.
The following inclusion criteria were used: 1) The study should have a design in which the same subjects were tested with and without lumbar support. Studies without a prospective study design were excluded. 2) The study should include healthy human subjects. Studies with only patients with back pain were excluded, because posture and movements can be influenced by back symptoms, which in turn may alter the effect of lumbar supports. 3) Outcome measures should include one or more of the following: electromyographic activity; intraabdominal pressure (IAP); and parameters on trunk motion, maximum lifting capacity, perceived exertion, or subjective maximum acceptable weight of lift (MAWL). 4) Interventions should consist of any lumbar support (orthotic corset, weightlifting belt, and elastic support). Studies of thoracic supports were excluded.
Methodologic Assessment. All studies were scored according to the methodologic criteria listed in Table 1 . These criteria are based on generally accepted principles of intervention research, and similar criteria have been used in previous reviews concerning therapeutic interventions for low back pain. [21] [22] [23] Possible scores were yes/no. The criteria are described in more detail in a separate Appendix, which is available from the first author on request. Items concerning internal validity were: (A) randomization, (B) a fixed washout period, (C) outcome assessment, (D) reproducibility reported, (E) blinding of outcome assessment, (F) description of missing data or no missing data, and (G) correct analysis of the data. The other items (H, I, J) covered quality of reporting. Two reviewers assessed the methods of the studies independently, and disagreement was solved in a consensus meeting.
Data Extraction and Meta-Analysis. Data extracted from
the original papers were: the number of subjects, the number of missing values, and the mean and standard deviation (SD) or confidence interval (CI) of outcome measures of subjects with and without a lumbar support or the mean and SD or CI of the difference between conditions with and without lumbar support. Because outcome measures within the same category (e.g., trunk motion) differed between studies, effect sizes and in particular the Hedges's g were calculated before results of individual studies were statistically combined. 50 The Hedges's g is the difference between the means of the outcome measure in the two intervention groups or testing conditions, divided by the average population SD. The effect size thus expresses the magnitude of an effect as the number of SDs. As a rule of thumb, effect sizes less than 0.4 represent a small effect, 0.4 -0.8 a medium-sized effect, and more than 0.8 a large effect. 8 Because heterogeneity of the studies was expected, due to variety in outcome measurements, study populations, and lumbar supports tested, the random effects model was used for combining the effect sizes for the meta-analysis. 51 Studies were weighted using the variance in effect size at issue. A statistical test for homogeneity was conducted. 51 If the data were not homogeneous, subsequent analyses with specific subsets of studies were performed to search for study characteristics that could account for the heterogeneity.
For investigating the hypothesis concerning an effect of lumbar supports on trunk motion, the outcome measures considered were vertebral displacement, the maximum range of motion (ROM), and the observed ROM in specified lifting tasks in the sagittal, transverse and lateral planes. Regarding the hypothesis about a reduction of back muscle force, the outcome measure considered most relevant was the electromyogram of erector spinae muscles. Intra-abdominal pressure was also considered as an outcome measure for this hypothesis, because it was assumed that an increase in IAP would lead to a decrease in electromyogram of erector spinae muscles and subsequently to a reduction in back muscle force. However, the correlation between IAP and electromyogram is under debate, 46 and IAP was therefore considered to be a less relevant outcome for this hypothesis than electromyogram of erector spinae muscles. Other, less important outcomes that could indicate a reduction in back muscle force were maximal lifting capacity, intradiscal pressure, and spinal shrinkage. To investigate whether workers may be inclined to lift heavier loads when using a lumbar support, subjective outcome measures were considered, such as the maximum acceptable weight of a lift, perceived exertion, and perceived discomfort due to lifting.
The effects of a specific type of support on different outcome measures within one study are not independent. In addition, because in most studies different types of supports were tested by the same subjects, the effects of different types of supports are not independent either. For this reason, only one outcome measure for one particular support was used per study in each pooled estimate of effect. In the meta-analyses on reduction in trunk motion, the outcomes concerning lumbar motion were thought more relevant than outcomes on thoracic motion. If both outcomes were available, only the lumbar outcomes were included in the meta-analysis. If more than one support was tested in a study, the effect size for a weight-lifting belt was chosen for statistically combining the results of electromyogram and IAP, because this type of lumbar support was most commonly tested in these studies. For combining the results on trunk motion, the effects of lumbosacral corsets were chosen for the same reason. If these belts were not tested and data on more than one support were available, the support most resembling a weight-lifting belt or lumbosacral corset was chosen. A subgroup analysis for elastic lumbar supports was performed, because these supports are commonly used in industry and are importantly different from rigid supports.
The influence of the methodologic items on the reported effect size was assessed by calculating the mean effect size of studies that scored less than four items and studies that scored more than four items positive of the seven methodologic items separately. Differences in the mean effect size between studies that scored less than four and more than four items positive were tested for statistical significance with Student's t test. If a statistically significant difference in effect size was observed between these groups of studies, only studies that scored more than four items positive were used in the meta-analysis.
Results
Thirty-three studies were identified that met our select i o n c r i t e r i a . 4 , 5 , 7 , 1 1 , 1 3 , 1 5 -1 7 , 1 9 , 2 0 , 2 4 , 2 6 -3 4 , 3 6 -39,42,43,45,49,52,53,60 -62 There was initial disagreement between the reviewers on 77 (17%) of 462 items scored in the methodologic assessment of the studies. Disagreement was mostly due to reading and interpretation errors and was solved in a single consensus meeting. The studies scored from one to six positive items of the seven items for internal validity. The number of validity items scored positive per study is shown in Tables 2 and 3 . A validity score of four or more items positive was found for 8 (24%) of the 33 studies. No statistically significant difference in the mean effect size was found between studies that scored less than four or four or more validity items positive. Therefore, all studies were included in the metaanalyses. The most prevalent shortcomings were (A) that the procedure was not randomized or the randomization was not described, inadequate analysis of the data (G), and the absence of an assessment or description of the reproducibility (D). Many studies used a computerized outcome measurement that could not be influenced by the investigators. Therefore, they scored positive on the item on blinded outcome assessment (E).
Changes in Body Posture or Movements
In Table 2 the 13 studies that reported on trunk motion are listed. In these, investigators measured the maximal range of motion (ROM) of the trunk, 5, 28, 32, 38, 42, 45, 60 the observed range of motion during specified tasks, 13, 20, 31, 34 or the range of angular movement of spinal disks. 11, 39, 45 In eight of the 13 studies, researchers reported a reduction in trunk motion in at least one of the planes of motion due to wearing a support. Three groups reported inconsistent results, 32, 39, 45 and two reported that no effect of a support on trunk motion was observed. 20, 34 The study of Marley and Duggasani 34 was excluded from the meta-analysis, because the outcome measure used (displacement angle of the hip) was not considered similar enough with the other studies. Thus, 12 studies were included in the meta-analyses. Figure 1 shows the results for the restriction of flexion-extension, lateral bending, and rotation separately. For two planes of motion (flexion-extension and lateral bending) a statistically significant overall effect was found, with an overall effect size of 0.70 (95% CI: 0.39 -1.01) for flexionextension and 1.13 (95% CI: 0.17-2.08) for lateral bending. The overall effect on rotation was not statistically significant (0.69; 95% CI: Ϫ0.40 -1.78).
The results of the studies included in the meta-analysis for flexion-extension were statistically homogeneous. In the analyses for lateral bending and rotation, they were heterogeneous. Possible reasons for the heterogeneity were differences in type of lumbar support and outcome measure. To assess the influence of the type of lumbar support on heterogeneity and to determine whether there were important differences in effect between elastic and rigid supports, a subgroup analysis was performed. Heterogeneity was still present within subgroups with only rigid or elastic lumbar supports. The effect sizes for rigid supports were 1.07 (95% CI: Ϫ0.09 -2.24) for lateral bending and 0.29 (95% CI: Ϫ0.35-0.93) for rotation. The effect size for flexion-extension (0.70; 95% CI: 0.39 -1.01) was already based on rigid belts only. Elastic supports were studied in four studies. 5, 13, 15, 31 Combined effect sizes of these studies were 1.01 (95% CI: 0.10 -1.92) for flexion-extension, 0.84 (95% CI: 0.24 -1.43) for lateral bending, and 1.81 (95% CI: Ϫ0.22-3.84) for rotation.
Subsequently, the influence of differences in outcome measure was assessed. In the analyses for lateral bending and rotation, heterogeneity was still present within subgroups with the same outcome measure, and the effect sizes were not importantly different between the subgroups (data not shown).
Reduction in Back Muscle Force Electromyogram or Intra-abdominal Pressure as Outcome
Measurement. Twelve studies reported data on electromyogram measurements. 7, 13, 17, 19, 26, 27, 29, 33, 37, 42, 43, 61 Characteristics of these studies are shown in Table 3 . In most of these, investigators measured electromyogram of erector spinae and internal or external oblique muscles. Results of the studies were contradictory: Four groups reported a reduction of electromyogram of back muscles by one of the supports tested, 13, 19, 27, 33 three could not find any consistent result, 29, 43, 61 and four found no effect on electromyogram. 7, 17, 26, 37 In one study only electromyogram of the abdominal muscles was measured and a decrease in electromyogram was reported in subjects wearing a lumbar support. 42 In four of the above-mentioned studies, investigators measured the electromyogram of back muscles and IAP simultaneously. 17, 26, 27, 37 Reported results in all four showed an increase in IAP, but electromyogram in the erector spinae muscles consistently decreased in only one. 27 In seven studies, investigators measured IAP but did not simultaneously record an electromyogram of the back muscles (Table 3) , 15, 16, 24, 43, 42, 52, 62 Investigators in two of these studies reported an increase in IAP in subjects using lumbar supports, 16, 52 in two studies they reported inconsistent results, 15, 43 and three they found no effect of a lumbar support on IAP. 24, 42, 62 Separate meta-analyses for studies on electromyogram of erector spinae muscles and on IAP were conducted. In the statistical pooling, only studies in which subjects performed a lifting task were included. Two studies with squat exercises were excluded from the meta-analysis, because no regular lifting tasks were studied. 26, 27 There were insufficient data reported in three studies for the calculation of an effect size on electromyogram. 13, 17, 19 Thus, three studies on electromyogram and II: reduced EMG of erector spinae and increased EMG in internal oblique muscles; reduced observed peak trunk motion in all planes; increased peak pelvic flexion, reduced spinal load. support III: no effect on EMG or spinal load; reduced peak trunk lateral bending and flexion; increased peak pelvic flexion. IV: no effects on EMG or spinal load; peak trunk motion reduced only in lateral bending. Large variation among individuals.
Grew & Deane 15 [2] I seven on IAP were included in the meta-analyses ( Figure  2 ). No statistically significant overall effect of lumbar supports on electromyogram (0.09; 95% CI Ϫ0.41-0.59) or IAP was observed (0.26; 95% CI: Ϫ0.07-0.59). Both analyses were statistically homogeneous.
Other Outcome Measurements Related to Back Muscle Force
In three studies the effect of lumbar supports on muscle strength and endurance was determined. 7, 49, 53 In two of these studies, researchers found no effect of a lumbar support on muscle strength or endurance, 7, 49 and in the other they reported an increase in force production in men wearing a lumbar support. 53 Intradiscal pressure was measured in one study and no consistent effect of any type of support could be demonstrated. 43 In two studies spinal shrinkage was measured, and investigators found no effect of supports on spinal shrinkage. 4, 33 Overall, an outcome that might influence back muscle force was measured in 20 studies ( Table 3) . Assuming that a increase in IAP without a concomitant decrease in electromyogram of the back muscles does not reduce the back muscle force, investigators in 7 (35%) of the 20 studies reported an effect that could possibly lead to a reduction of the back muscle force.
Subjective Outcome Measures
Results of five studies showed outcomes that could indicate that workers are inclined to lift heavier loads while wearing a lumbar support. The MAWL was assessed in three studies, 30, 36, 49 and perceived exertion, 34 discomfort, 4 or intensity of the task 7 in an additional three studies. In only one study on MAWL did researchers report an increase for subjects wearing a lumbar support. 36 Bourne and Reilly 4 reported less perceived discomfort for subjects wearing a support. 4 The other groups studying MAWL or other subjective outcome measures reported no effect of a support. The results of the six studies on subjective outcome measures were statistically combined. No statistically significant overall effect of lumbar supports on subjective outcomes was found (effect size: Ϫ0.002; 95% CI: Ϫ0.41-0.41).
Discussion

Limitations of the Review
A potential limitation of this systematic review, and of most reviews in general, is the completeness of the literature search. It is possible some relevant published studies were missed that had other key words or unclear abstracts. Furthermore, not all studies are indexed in the bibliographical databases used. In fact, most studies were identified by screening the references of already identified studies. It is very possible that studies were missed that were not included in these reference lists. In addition, because the review was limited to published studies, it may be biased toward positive findings, because of publication bias. 9 There is no evidence-based consensus on which criteria should be used for the methodologic assessment of studies at this moment. Although the criteria used are included in most other available checklists, 41 the criteria are, to some extent, arbitrarily chosen.
In all studies a design was used in which the same subjects were tested with and without lumbar support. In the original studies paired data-analyses were used. In the meta-analysis this was impossible, because the mean difference between conditions was not reported in all II: reduced EMG of erector spinae and increased EMG in internal oblique muscles; reduced observed peak trunk motion in all planes; increased peak pelvic flexion, reduced spinal load. support III: no effect on EMG or spinal load; reduced peak trunk lateral bending and flexion; increased peak pelvic flexion. IV: no effects on EMG or spinal load; peak trunk motion reduced only in lateral bending. Large variation among individuals.
Hilgen et al 19 [4] I studies, but rather the mean and SD for each condition. A paired analysis is more efficient than comparing two means. Therefore, some of the effects that were statistically significant in the original study were not significant in the meta-analysis presented in this article. Furthermore, it is possible that the overall effects would have had smaller CIs if a paired meta-analysis had been feasible.
In almost any meta-analysis, the decision to statistically combine the results of studies can be questioned. In this meta-analysis, it was decided to combine three different outcome measures on trunk motion. The authors chose to do this, because the objective was to test the hypothesis that lumbar supports affect trunk motion, and all three outcome measures represent an aspect of trunk motion. However, by combining these outcome measures no conclusions can be drawn about which aspect of trunk motion is affected or about the (clinical) relevance of the effect. Those who disagree with this decision may want to disregard the overall estimates of effect and pay attention only to the effects of lumbar supports in subgroups with the same outcome measure.
Methodologic Assessment
The methodologic assessment showed that most studies on mechanisms of action of lumbar supports did not have a valid randomization procedure or description of the randomization and an adequate data analysis. Furthermore, the reproducibility of the outcome measurements was seldom determined and described. Future articles on this subject could easily be improved if more attention is paid to these features. No systematic differences in mean effect size were observed between studies that scored less than four or four or more items positive of the seven internal validity items. This indicates that studies with a lower score were not more likely to report an effect of lumbar supports than studies with a higher score. Therefore, all studies were included in the metaanalyses.
Mechanisms of Action
Change in Body Posture or Movements . A restriction of trunk motion was observed in all three planes of motion, and the overall estimate of effect was statistically significant for lateral bending and flexion-extension. In a sub- group analysis for elastic and rigid supports, it was found that both types of support restrict trunk motion. There was considerable heterogeneity in the meta-analyses on lateral bending and rotation. Likely sources for this heterogeneity are the outcome measure and the type of lumbar support. Subgroups of studies using the same outcome measure were formed. The overall estimates of effect for lateral bending and rotation were not importantly different between the subgroups. Furthermore, differences in outcome measures alone could not explain the heterogeneity in results. Another potential source for heterogeneity is the type of lumbar support. However, heterogeneity was still present within the subgroups with rigid or elastic supports only. It is likely that the heterogeneity in the analyses for lateral bending and rotation was due to a combination of differences in outcome measure and type of support. It should be noted that, because the meta-analyses of all studies and the subgroup analyses on rigid belts included only belts resembling a lumbosacral corset as much as possible, it may be that completely different types of support (e.g., a thoracolumbosacral orthosis or a flexion jacket) have other effects on trunk motion.
Aside from the heterogeneity of the results between studies, it should be noted that a large variation was present in results among subjects within the original studies. In a small number of studies, even an increase in lumbosacral motion was observed in some of the subjects when they were wearing a lumbar support. 32, 39, 45, 60 The results of the current meta-analysis indicate that lumbar supports decrease trunk motion. In theory, a reduction of trunk motion could be beneficial in the prevention of low back pain, because it may decrease both the net muscle moments and the stresses acting on the internal structures of the spine due to extreme joint angles. Spinal rotation has been reported to be a risk factor for low back pain. 35, 47 Furthermore, fatigue failure of posterior spinal structures may occur at large flexion angles in repetitive lifting for long periods, specifically in individuals whose spinal segments are stiffer than average. 10 Therefore, a reduction of spinal rotation and of the flexion angle may lead to a reduced risk of back injuries. In practice, however, it remains to be seen whether a restriction in trunk motion by lumbar supports indeed has a beneficial effect on the risk of back injury, because, so far, contradictory results have been reported on lumbar supports in the prevention of back pain. [1] [2] [3] 15, 25, 48, 54, 56, [57] [58] [59] Reduction in Back Muscle Force. Investigators reported inconsistent results on the effects of lumbar supports on outcomes possibly related to the back muscle force. Although the role of IAP in the reduction of spinal compression is inconclusive, 46 it was decided to include IAP in the review. In the meta-analysis, no statistically significant effect of supports on electromyogram of erector spinae muscles or IAP was observed. Other reviews concluded that no conclusive statement could be made on the effects of lumbar supports on electromyogram or IAP, because the available studies failed to show consistent results. 3, 40, 46 The results of the current metaanalyses, however, are very homogeneous and indicate that lumbar supports may not influence electromyogram or IAP. Therefore, the authors conclude that the hypothesis that lumbar supports decrease the back muscle force by means of a decrease in electromyogram of back muscles or an increase in IAP is not supported by the available evidence.
Subjective Outcome Measures.
No overall effect of lumbar supports was observed on the maximum acceptable load and other subjective outcomes. This is reassuring, because critics of lumbar supports are afraid that workers may have a false feeling of security when wearing a lumbar support. They could be tempted to lift heavier loads with a support, although the spinal load is not diminished. This potentially adverse effect of lumbar supports does not seem to take place.
Conclusion
The hypothesis that lumbar supports decrease the back muscle force by means of a decrease in electromyogram of back muscles or an increase in IAP is not supported by the results of the meta-analyses presented in this article. Neither is there evidence that workers would be inclined to lift heavier weights when wearing a lumbar support. The only hypothesis that could be confirmed was that lumbar supports affect trunk motion. However, no definite conclusions can be drawn about the clinical relevance of this effect. At this moment, there is no evidence for the effectiveness of lumbar supports in the prevention of back pain in industry, because clinical trials on the effect of lumbar supports on the incidence of back pain report contradictory results. 3, 25, 56 More research is needed on the effects of lumbar support on the separate outcome measures for trunk motion before definite conclusions can be drawn about work conditions in which lumbar supports may be most effective. Studies of trunk motion at the workplace or during specified lifting tasks would be especially useful in this regard.
Key Points
• A systematic review of the literature on mechanisms of action of lumbar supports was conducted.
• No evidence was found that lumbar supports influence back muscle electromyogram or intraabdominal pressure. • There was evidence in the literature that lumbar supports restrict trunk motion, especially for flexion-extension and lateral bending.
• Future studies of trunk motion in the workplace or during lifting tasks are needed to examine the conditions under which lumbar supports are most effective.
